Background-Eosinophils are blood cells that are often found in high numbers in the tissues of allergic conditions and helminthic parasite infections. The pathophysiological roles that eosinophils may serve in other human 'eosinophil-associated' diseases remain obscure.
Introduction
"Eosinophil-associated diseases" is a term that is used to describe a group of uncommon medical conditions in which the eosinophil, one of the less prevalent blood leukocytes, is considered to have a primary or an important pathophysiologic role (Table 1) . 1 Such disorders can impact the skin, upper and lower airways, cardiovascular system, connective tissues, gastrointestinal tract, the hematopoietic and immune systems and other organs ( Figure 1 ). 2 However, despite the abundance of eosinophils, the pathophysiological roles that these cells play in these diseases are not well understood. Moreover, treatment options are relatively limited. On-going clinical research, including clinical trials, supported by governmental and non-governmental organizations and by the pharmaceutical industry, is inadequate. From a patient's perspective, not only the limited treatment options, but also physicians' limited knowledge of eosinophil-associated diseases can be detrimental to physical and psychological health and can result in substantial quality of life restrictions. This can also impact the emotional and social lives of the patients' families.
Objectives
On June 4, 2012 a workshop was convened in Bethesda, MD by a consortium of several National Institutes of Health (NIH) Institutes and the Office for the Prevention of Diseases for the purpose of defining, clarifying and prioritizing the unmet research and supportive needs of eosinophil-associated diseases. This report should help promote the translation of research into clinical practice and health policy. The responsibility for this workshop report and recommendations is solely that of the taskforce convened. The workshop report is not an official document of any government agency.
Background and Approach
Eosinophils are bone marrow-derived blood cells that migrate to specific tissues of normal, healthy individuals, namely the gut, mammary glands, uterus and thymus. This localization is most likely under the control of the chemokine, eotaxin-1. 3 It is unlikely that eosinophil presence in the thymus, an immunologically critical organ, is a result of an inflammatory response as recent studies have confirmed abundance of these cells post-natally and over the first decade of life. 4 Thymic eosinophils constitutively express indolamine 2,3 dioxygenase (IDO), which suggests they may serve an immune regulatory/modulatory role. 5 Eosinophils are also often increased in other tissues (e.g., airways or skin), when associated with allergic conditions such as asthma or parasitic infections. 6, 7 Substantial information has been gained from preclinical modeling about the potential roles of eosinophils as immune cells. Specifically, mouse models have been particularly valuable as both the starting point and as a confirmation of insights derived from studies of human tissues/cells. The availability of mice that congenitally lack eosinophils has helped in the definition of the immunoregulatory capacities of these cells and their roles in Th2-driven allergic inflammation. 8, 9 Building on these preclinical observations, Lee et al have proposed a provocative hypothesis that eosinophils may serve complex roles in human health and disease. In their LIAR (local immune and remodeling) hypothesis, eosinophils are proposed to have evolved as local regulators of some aspects of immune function and tissue remodeling and their functions are likely to have multiple effects on and to be influenced by their tissue microenvironment. 10 The effects of eosinophils may go well beyond the regulation of traditional events that are thought of as immune responses. Other investigators have now suggested that eosinophils may regulate glucose metabolism in adipose tissue, induce plasma cell maintenance in the bone marrow, induce apoptosis of human Th1 cells, play a role in transplant rejection, affect the neuropathology of multiple sclerosis, provide cancer surveillance and suppress helminthic parasites. [11] [12] [13] [14] [15] [16] With this information in hand, the taskforce examined eosinophil involvement in a variety of processes, through an organ-system based approach, detailing some of the current state of medical and research knowledge but mostly focusing on unmet needs. Specifically, this report addresses human eosinophil-associated diseases in the gastrointestinal system, skin, respiratory, cardiovascular system and the blood. However, the taskforce acknowledges that, in many of these conditions, organ systems are not affected in an exclusive manner, but that multi-system involvement is often encountered. The participating federal agencies and other medical research organizations should consider this report as a selective set of recommendations for priorities that will generate answers to the unmet needs of eosinophilassociated diseases.
Review and Results

Diagnostic Codes for Eosinophil-Associated Diseases
Even with documentation of significant elevation in the number of circulating eosinophils, clinicians often fail to take this information into account in their diagnostic process. This reflects inadequate medical education on eosinophil-associated diseases, but also inadequate diagnostic coding. Currently, the International Classification of Diseases, Clinical Modification, based on the World Health Organization's Ninth Revision, includes diagnostic codes that are used for various eosinophil-associated disorders (ICD-9 CM; Table 1 ). However, in examining the current code list, the taskforce noted that many eosinophilic disorders, including Churg-Strauss Syndrome (CSS), hypereosinophilic syndromes, eosinophilic fasciitis, and eosinophilic pneumonia do not have their own ICD-9 CM codes, but are lumped together with other disorders. ICD-9 CM codes are critical for the purpose of reporting and tracking information such as the incidence and prevalence of specific disorders. Furthermore, the availability of such codes makes it easier for medical professionals and researchers to accurately document individuals with these conditions. The taskforce points out that the lack of eosinophil-associated disease-specific ICD-9 CM codes precludes determination of the true prevalence of specific eosinophil-associated diseases. Lack of such epidemiologic information may have a negative impact on the development and approval of novel eosinophil-targeted therapeutics. Another negative impact of the lack of specific ICD-9 CM codes is that it hinders medical insurance reimbursements leading to problems with patient care. It is also worth mentioning several other eosinophil-associated disorders including eosinophilic esophagitis and related eosinophilic gastrointestinal disorders (EGIDs) were not assigned unique ICD-9 CM codes until 2008. This seemingly simple advance was brought about in large part by efforts of the patient advocacy groupAmerican Partnership for Eosinophilic Disorders (see www.apfed.org).
Eosinophil Gastrointestinal Disorders (EGIDs)
EGIDs are a heterogeneous group of disorders characterized by a wide range of symptoms associated with a dense eosinophilic inflammation of the gastrointestinal tract. 17 The location of the eosinophilic inflammation has been used to define the type of EGID.
Eosinophilic esophagitis (EoE) is characterized by symptoms of esophageal dysfunction. 18, 19 Prevalence has been estimated to range from as high as 1-4 in 1,000 to 1 in 70,000 children and adults. Symptoms are often attributed to gastroesophageal reflux disease (GERD), but they do not resolve with typical medical or surgical treatments used for GERD. Blood eosinophil levels may be increased but are not typically pronounced. Histological findings on endoscopic biopsies encompass a number of features that are indicative of inflammation with the presence of an increased number of eosinophils, eosinophilic microabscess formation and eosinophil degranulation. Other aspects of chronic inflammation, including tissue damage and remodeling, may be present. In addition to eosinophils, mast cells, epithelial cells, eotaxin-3 and interleukin (IL)-13 are among the cells and molecules that have been implicated in EoE disease pathogenesis. 20, 21 The impact of the disease on growth and development in children is evident; foods appears to play a prominent causative role in pediatric and adult patients. 22, 23 While there are differences in symptomatology, it is unknown whether adult and pediatric onset EoE diseases are entirely different conditions or a spectrum of the same disease. Persistence of EoE from childhood into adulthood is common based on a retrospective 17-year longitudinal study of esophageal eosinophilia from childhood into adulthood. 24 Eosinophilic gastritis, enteritis, and colitis are less common than EoE and are characterized by symptoms of diarrhea, abdominal pain, and malnutrition, and in some cases, bleeding. 17 Laboratory blood analysis may show evidence of anemia, hypoalbuminemia, and substantial peripheral eosinophilia. Endoscopic findings include edema, polyp formation and ulceration with histological examination revealing dense eosinophilic inflammation of the mucosa and architectural changes in the gastrointestinal tract, including cryptitis.
The exact etiology of each form of EGID is not certain, but the prevalence, at least for EoE, has dramatically increased over the past few decades, due in large part to increased disease recognition. 25 The potential for an allergic etiology is supported by the reversibility of the disease following dietary avoidance of specific foods, reoccurrence of the disease upon reintroduction of the removed foods, induction of the disease in mice by exposure to allergens, and genome-wide transcriptome analysis of esophageal tissue, implicating adaptive T helper cell type 2 (Th2) immunity. 26, 27 There is a strong genetic component to EoE, with a large sibling risk ratio and the presence of susceptibility loci in candidate genes expressed by esophageal epithelial cells such as genes and/or loci for thymic stromal lymphopoietin (TSLP), cytokine receptor-like molecule 2 (CRL2) (encoding for the TSLP receptor), CCL26, and filaggrin. 17, 28 Current therapy for EoE consists of food avoidance and/or the use of swallowed corticosteroids. 29 The taskforce recommends that future efforts should aim at:
• developing the best method(s) for disease diagnosis that would include exclusion of esophageal acid/nonacid disease as the cause of EoE (e.g., proton-pump inhibitor (PPI) therapy and diagnostic testing)
• developing and validating criteria for the diagnosis of eosinophilic diseases outside of the esophagus
• examining the relationship of EGIDs to other inflammatory bowel diseases
• examining and validating testing methodologies for adults and children to be used in guiding dietary exclusion protocols
• determining the optimal frequency and validating the outcomes of endoscopic follow-up
• elucidating the mechanistisms leading to the breakdown in oral food tolerance
• improving our understanding of the mechanisms and preventing tissue remodeling, stricture formation and other complications
• developing better preclinical models of EGIDs
Eosinophil-Associated Cutaneous and Fibrotic Diseases
Wells syndrome, or eosinophilic cellulitis with flame figures in lesions, is primarily a disease of adults. Whether Wells syndrome is a specific entity that is triggered by factors including underlying disease, infection, and drugs, or whether it is merely a reaction pattern is difficult to discern from the reported cases and in practice. 30 Association of eosinophilic cellulitis with a range of disorders suggests that it is a reactive or allergic hypersensitivity phenomenon.
Angiolymphoid hyperplasia with eosinophilia occurs in both males and females and has no racial preference. While benign, it shows a predilection for the head and neck area, including the ears, and is characterized by solitary, few, or multiple, sometimes grouped, erythematous, violaceous or brown papules, plaques, or nodules of the dermis and/or subcutaneous tissues and is often disfiguring. 31 The condition has been considered a vascular proliferation arising in response to, or in association with, underlying vascular malformation.
Kimura's disease occurs predominantly in young adult Asian males. It also has been reported in non-Asians and in children. Patients typically have one or a few asymptomatic, non-tender, slowly enlarging subcutaneous nodules. Lesions characteristically involve the head and neck region but may be localized to the extremities, axilla, groin, or trunk, and are associated with peripheral blood eosinophilia and elevated serum total IgE. Histologically, lesions are characterized by lymphoid aggregates, usually in the form of lymphoid follicles with germinal centers, numerous eosinophils, and fibrosis. 32
Episodic angioedema associated with eosinophilia is characterized by recurrent angioedema (with up to 30 percent increase in body weight), urticaria, fever, increased serum IgM levels, and leukocytosis as high as 100,000 cells/mm 3 with up to 90 percent eosinophils; disease activity fluctuates with the peripheral eosinophil count. 33 Tissue histological samples show few eosinophils, but immunofluorescence staining reveals extracellular deposition of eosinophil granule proteins around collagen bundles and blood vessels. 34 The syndrome is associated with a number of immunologic abnormalities, including increased activated T cells and increased serum IL-5 levels. 35 Numerous eosinophil associated fibrotic syndromes are recognized, including eosinophilic fasciitis, retroperitoneal fibrosis, mediastinal fibrosis, fibrosing thyroiditis and sclerosing cholangiitis. Patients presenting with Eosinophilic fasciitis (Shulman syndrome) have symmetrical thickness and hardening of the skin, especially of the forearms, with peripheral blood eosinophilia often reaching levels associated with the hypereosinophilic syndrome (greater than 1500/μL). 36, 37 Eosinophilic fasciitis usually presents with pain, erythema, edema, and induration of the extremities, as well as peripheral blood eosinophilia and hypergammaglobulinemia. Contractures and rippling of the skin may develop. As the disease progresses, fibrous tissue deposition increases leading to restriction of joint motion, carpal tunnel syndrome and an inflammatory arthritis. 34 When hypergammaglobulinemia is present, IgG and C3 depositions have been identified in the fascia of some patients. Treatment is usually glucocorticoid administration, and, in many cases, this is sufficient.
Blood and tissue eosinophilia have also been associated with retroperitoneal fibrosis, sclerosing cholangiitis, Riedel's thyroiditis, sclerosing mediastinitis, orbital pseudotumor and pulmonary fibrosis. 38 Other eosinophil-associated fibrotic diseases include the Spanish toxic oil syndrome and the eosinophilia myalgia syndrome. While these syndromes occurred as epidemics and both ran their courses, they were associated with the occurrence of fibrosis especially eosinophilic fasciitis. The eosinophilia myalgia syndrome, which is historically related to ingestion of certain lots of L-tryptophan, is characterized by marked peripheral eosinophilia, disabling generalized myalgias, pneumonitis, myocarditis, neuropathy, encephalopathy, and fibrosis, a constellation of features that are similar to, but are distinguishable from eosinophilic fasciitis. 39 In all of the skin and fibrotic conditions discussed, the precise pathogeneses are unknown and the absence, presence and number of eosinophils in skin biopsies are often of limited value. Yet, even when intact eosinophils are not observed in tissues, the deposition of their toxic granule proteins, revealed by immunofluorescence testing, supports the premise of their involvement. 40 The taskforce recommends that future efforts should aim at:
• improving the mechanistic understanding of the role of eosinophils in cutaneous disease
• determining if these diseases are skin-specific or manifestations of underlying systemic disorders
• developing, standardizing and validating methods for biopsies of skin and for detection of extracellular deposition of eosinophil granule proteins even in the absence of tissue eosinophilia.
The taskforce also recognizes that some of these diseases have appeared in the form of an epidemic and that future, similar epidemics could be encountered. In this respect, a recommendation of the taskforce is that, in the future, adequate responses to eosinophilassociated epidemic diseases with sufficient support for rapid investigations including epidemiology and pathophysiology of the outbreak needs to be mounted.
Eosinophil-Associated Cardiovascular Disorders
The heart is an organ that is subject to involvement and damage in the setting of diverse eosinophil-associated diseases, including CSS, in which eosinophilic infiltration of small blood vessels in the myocardium and pericardium and/or eosinophilic infiltration of the coronary arteries, can lead to potentially fatal outcomes. 41 In fact, up to 50% of the patients who die from CSS have evidence of myocardial involvement and 15% have pericardial involvement. In other eosinophil-associated diseases, ranging from drug hypersensitivity reactions to varied hypereosinophilic syndromes, damage to the heart, varying from early necrosis to subsequent thrombosis and fibrosis, is often indistinguishable. Enigmatically, some patients with sustained eosinophilia never develop cardiac disease.
Eosinophil-mediated heart damage typically evolves through three stages: an acute necrotic stage, a thrombotic stage and finally, a fibrotic stage. In the acute stage, the duration of illness is short and is usually neither clinically recognized nor diagnosed as echocardiography and angiography detect no abnormalities. Troponin levels are often elevated, however, and damage to the endocardium is common with histopathologic evidence of myocardial necrosis with eosinophil infiltration and degranulation. Assays of serum troponins, which reflect early myocardial damage, provide a more sensitive detection method for early eosinophil-associated myocardial damage.
After months of eosinophilia, the second stage of heart disease involves the formation of thrombi along the damaged endocardium of the ventricles and occasionally the atria. In the third and final fibrotic stage, progressive scarring develops that may lead to entrapment of the chordae tendinae with the development of mitral and/or tricuspid valve regurgitation and to endomyocardial fibrosis producing a restrictive cardiomyopathy. Patients with late stage eosinophilic heart disease may require bioprosthetic valve replacement when hemodynamically necessary.
The risks of developing cardiac disease are not simply related to the extent or duration of eosinophilia. For example, in contrast to patients with CSS, patients with eosinophilic pneumonia and EGIDs, rarely, if ever, develop cardiac involvement. Early diagnosis and management of eosinophil-mediated cardiac damage could diminish the morbidity, potential mortality and the expenses associated with late stage cardiac surgery.
The taskforce recommends that future efforts should aim at:
• improving and validating non-invasive diagnostic testing for eosinophil-induced cardiac damage
• improving therapies that prevent or block the progression of eosinophil-mediated cardiac damage
• understanding the mechanisms of eosinophil-mediated cardiac damage
• developing the best preventive and acute treatment approaches for patient care
• generating preclinical models that exhibit eosinophil-mediated cardiac damage
Eosinophil-Associated Disorders of the Hematopoietic System
Eosinophilic disorders of the hematopoietic system can be now separated into intrinsic and extrinsic. Chromosomal abnormalities have been reported in patients with intrinsic hypereosinophilic syndromes (HES). 42 An example of an extrinsic disorder is "lymphocytic variant" HES that is due to polyclonal expansion of eosinophils due to the overproduction of IL-5 by T cells. 43 The most common chromosomal abnormality in intrinsic HES patients is an interstitial deletion in chromosome 4q12 that results in the expression of a fusion protein, FIP1L1 (Fip1-like 1)/PDGFRA, which has constitutive tyrosine kinase activity. Less common abnormalities include translocations on chromosomes 5q33 and 8p11 that result in PDGFRB and fibroblast growth factor receptor 1 (FGFR1) gene rearrangements, respectively. 44 Because of the clonal nature of the eosinophilia, these forms of HES are now termed "PDGFR-or FGFR1-associated myeloproliferative neoplasms." These disorders share clinical and laboratory features with marked eosinophilia in the setting of cytogenetic abnormalities and/or increased bone marrow blasts, termed "chronic eosinophilic leukemia not otherwise specified (CEL-NOS)" (Table 1) .
Patients with intrinsic eosinophilic disorders are often seriously ill, with end-organ damage such as endomyocardial fibrosis and mucosal ulcers, and are often resistant to agents commonly used to treat hypereosinophilia, such as prednisone. Despite this, most HES patients with mutations in PDGFR are exquisitely sensitive to the tyrosine kinase inhibitor, imatinib, with sustained clinical responses at doses as low as 100 mg weekly in some cases. 45 Interestingly, some patients with HES lacking the PDGFR mutations also respond to imatinib, suggesting that one or more additional imatinib-sensitive oncoproteins are implicated in the pathogenesis of HES. 46 Furthermore, a multicenter clinic trial showed that mepolizumab was more effective than placebo in controlling peripheral blood eosinophil counts and facilitating corticosteroid withdrawal in patients with HES. 47 Thrombotic and thromboembolic events are frequent complications of HES. Patients with evidence of cardiac involvement, neurologic and/or peripheral vascular symptoms of emboli are routinely anti-coagulated with warfarin, antiplatelet agents, or heparin. Unfortunately, many patients treated with anticoagulants continue to have thrombotic events thereby questioning the efficacy of such agents. Incomplete understanding of the mechanisms by which eosinophils affect coagulation has hindered our ability to optimally treat HESassociated coagulopathy. Interestingly, many patients with HES and long-standing eosinophilia have no evidence of coagulopathy.
The eosinophilia of HES has been associated with the presence of increased numbers of blood eosinophils with a relatively long half-life. Eosinophils from HES patients, in contrast to healthy individuals, express high levels of the cellular inhibitors of apoptosis protein-2 (cIAP2) and survivin, which contribute to delayed apoptosis of these cells by inhibition of the caspase cascade. Mechanistic studies to induce eosinophil apoptosis have been conducted on mouse and human eosinophils, with the cross-linking of Siglec-8 on human eosinophils and Siglec-F on mouse eosinophils inducing apoptosis and resulting in rapid reduction in eosinophil numbers. 48, 49 These and other findings suggest that an imbalance in apoptosis may be responsible in part for the sustained eosinophilia in HES and that measures to enhance eosinophil apoptosis could be of benefit in the treatment of these patients.
• identifying other relevant genetic mutations for targeting tyrosine kinase activity associated with hypereosinophilia
• improving our understanding of the mechanisms and improving the treatment of HES coagulopathy
• exploring potential subsets of HESs for eosinophil apoptosis defects
• evaluating the utility of therapies targeting eosinophilopoiesis, eosinophil activation and eosinophil apoptosis in treating HES
Eosinophil-Associated Respiratory Diseases
Eosinophilic respiratory diseases are characterized by increased numbers of eosinophils in the peripheral blood, sputum, lung tissues, and bronchoalveolar lavage (BAL) fluid. Respiratory tract eosinophilia is not only a diagnostic feature and therapeutic target, but plays an important role in altered lung function in these disorders. 50, 51 Each of the eosinophilic respiratory diseases has distinguishing characteristics, prognosis, and, in some cases, responsiveness to treatment.
Acute eosinophilic pneumonia is manifested by fever, shortness of breath, cough and respiratory compromise. A chest x-ray usually reveals bilateral pulmonary infiltrates. Increased eosinophil numbers are seen in the lung, but not always in the blood. With severe episodes, respiratory support may be needed to maintain adequate oxygenation. Corticosteroids are effective treatment and in most cases, recovery is complete and permanent.
Chronic eosinophilic pneumonia onset is often indolent with symptoms including cough, weight loss, and progressive dyspnea. 52 The majority of patients have peripheral blood eosinophilia, often more than 30%, and co-existing BAL fluid eosinophilia. Systemic corticosteroids are the treatment of choice, but prevention of relapse often requires chronic, low-dose treatment with these agents.
Churg-Strauss syndrome (CSS), or allergic granulomatosis, is a complex, chronic, and often progressive multi-organ disease that is characterized by eosinophilic vasculitis, blood and lung eosinophilia, pulmonary infiltrates and other organ involvement. 53, 54 CSS is distinguished from other pulmonary eosinophilic syndromes by the presence of asthma, involvement of multiple organs, such as the gastrointestinal tract and heart, and by the presence of anti-neutrophil cytoplasmic antibodies (ANCA) in almost half of the cases. Acute treatment includes corticosteroids, and for some, a remission-inducing drug like cyclophosphamide, but responses to treatment is variable and unpredictable. Recent pilot studies have found a steroid-sparing benefit of anti-IL-5 therapy in preventing relapse in CSS. 55 Anti-IL-5 therapy has also shown promise in treatment of eosinophilic nasal polyposis, commonly seen in aspirin-exacerbated respiratory disease and in CSS. 56 The taskforce recommends that future efforts should aim at:
• identifying and validating lung-specific genomic or protein signatures for eosinophilic pulmonary syndromes
• validating the diagnostic utility of antibodies (e.g., ANCA) and of clinical measures (e.g., symptom scores) in eosinophilic lung diseases
• developing and validating new clinical diagnostic tools for CSS
Overview
The Taskforce on the Research Needs of Eosinophil-Associated Diseases (TREAD) was convened to address current unmet clinical and research needs related to human eosinophilassociated diseases. Cognizant of the diversity of eosinophil-associated diseases, the convened TREAD panel focused on specific organ-related eosinophil-associated diseases and broadly considered issues pertinent to the recognition, documentation, management, and prognosis of eosinophil-associated diseases. Common unmet needs and organ/disease unmet needs for eosinophil-associated diseases are summarized in Tables 2 and 3 , respectively.
Recommendations
TREAD emphasizes the importance of eosinophil-associated diseases and has identified unmet needs of clinical practice and future research directions. TREAD recognizes that current clinical practice needs to benefit from future research developments. Accordingly, we summarize below both contemporarily recognized clinical needs and future oriented research needs.
Clinical Needs 1) Eosinophil-associated disease-specific codes in the forthcoming ICD-10
Current ICD-9 codes fail to identify many eosinophil-associated diseases (e.g., CSS) ( Table  1) . Patient advocacy groups succeeded in including codes in ICD-9 for eosinophil-related gastrointestinal diseases. New ICD-10 codes need to be specific for each eosinophilassociated disease to allow for accurate recording of prevalence and to facilitate medical insurance coverage for patients.
2) Access to therapeutics for eosinophil-associated diseases that are not approved by the FDA
With CSS as an example, there is no medication, including corticosteroids, approved for the treatment of this disease. Likewise for other eosinophil-associated diseases, the lack of formal FDA approval of any treatment becomes a basis for insurance companies to deny reimbursements for expensive therapies, e.g. interferon-α, for which published studies demonstrating therapeutic efficacy exist. Most eosinophil-associated diseases are uncommon and thus dissuade pharmaceutical companies from ever attempting to seek FDA approval for such "niche" diseases. For newer therapeutics, such as IL-5-neutralizing monoclonal antibodies, there needs to be new dialogue with the FDA over standards and outcomes that can ethically be met in assessing the safety and efficacy of these agents.
3) Enhanced opportunities for collaborative efforts to improve the diagnosis, and management of eosinophil-associated diseases
Cognizant that eosinophil-associated diseases are uncommon and patient populations are small, better team approaches are needed for the evaluation and management of these diseases. At present, some patients with eosinophil-associated diseases are referred to a limited number of expert medical centers. The development of a web-based resource for clinicians that can provide both guidance and resources for evaluating and managing patients would be of great value. This resource would make available interactions among primary care physicians, dermatologists, pulmonologists, gastroenterologists, rheumatologists, allergists, hematologists, clinician scientists and dietitians. TREAD recommends that commonly available web-based resource(s) be developed to serve several currently unmet needs: a) Expanded access to contemporary clinical guidance on eosinophilassociated diseases-Clinical care providers in any locale should have access to current diagnostic and therapeutic guidelines and information regarding referrals to experts in eosinophil-associated diseases. This will improve the standard of care and also expand opportunities for patients to obtain expert evaluations and access to clinical trials.
b) Access to recommended and available diagnostic testing methodologies for eosinophil-associated diseases-As noted for individual eosinophil-associated diseases (Table 3) , there are recommended approaches, ranging from immunostaining for released eosinophil proteins in biopsied tissues to expanded molecular diagnostics for chromosomal lesions that underlie some myelodysplastic eosinophil diseases. A central web-based resource would provide protocols for these assays, name commercial sites that provide these assays, or if not widely available, identify research-interested medical centers that could provide these analyses.
Research Needs 1) Support research on the fundamental immunobiology of human eosinophils
Advances in our understanding of the immunobiology of eosinophils in the past arose from NIH-sponsored research that was not specifically disease focused (including studies demonstrating that human eosinophils were sources of secreted cytokines, chemokines and other mediators). Research funded by NIH and other interested organizations should continue to support such studies because they will provide novel and informative insights into eosinophil roles in eosinophil-associated diseases and will unveil novel therapeutic targets.
2) Support clinical studies of human eosinophil-associated diseases
The pathophysiologic mechanisms by which eosinophils contribute to these diseases remain poorly understood and reliable biomarkers of eosinophil involvement and of disease activity are largely lacking. Without such knowledge, our current approaches towards disease management are imprecise and the development of new therapies is hindered. A related clinical research topic is the development of biomarkers that both identify various states of eosinophil activation and/or involvement in disease. Such tests would serve as non-invasive (blood) tests or biopsy based analyses such as the EoE biopsy transcriptome analysis.
3) Develop animal models of human eosinophil production, migration, accumulation, function and organ-targeted diseases
Existing murine models often do not recapitulate eosinophil-associated human diseases although they can be informative by elucidating the biologic function of eosinophils and their immunopathogenic activities. New approaches could include "humanized" mouse models in which immunocompromised mice are repopulated with human cells, although species differences in soluble mediators and tissue proteins may also need to be dealt with in order to fully recreate human eosinophil biology in an animal model.
4) Develop new eosinophil-targeted therapeutics appropriate for eosinophil-associated diseases
This goal requires the combined effort of clinicians, researchers and pharmaceutical companies. Awareness that many eosinophil-associated diseases are considered "orphan" diseases due to their infrequency should guide regulatory approval for new therapeutics.
Given that nearly all current treatments for eosinophil-associated diseases are used off-label, clear clinically-relevant endpoints agreed upon as a result of proactive discussions with the FDA will be needed to make significant progress in this area.
5) Access to shared databases related to eosinophil-associated diseases
TREAD recommends that web-based databases be developed: a) A biospecimen database shared among centers and investigators with interests in eosinophil-associated diseases-Given that there is a common interest in identifying biomarkers of disease activity in eosinophil-associated diseases, a website that can share findings of candidate biomarkers would facilitate other centers testing these in their patients and stored samples. The investigator website would also provide standards for storing and saving biospecimens from patients with eosinophil-associated diseases for later analyses. It should be noted that adequate storage and quality assurance of biospecimens should be a priority for any collaborative, multicenter studies of eosinophil-associated diseases. The use of standardized and/or central storage facilities will likely decrease biospecimen variance and degradation.
b) A patient-based registry of eosinophil-associated diseases-Recently, a Registry of EGIDs has been launched (www.regid.org) which has the potential to connect clinical researchers and patients, provide an opportunity to examine the natural history of EGIDs and provide a source of patients for research studies. TREAD encourages the development of new registries, or the expansion of the EGID registry, to include all other eosinophil-associated diseases. TREAD recommends that www.regid.org be web-linked across patient advocacy groups, governmental funding agencies and eosinophil clinical research centers. TREAD is aware of the costs associated with maintaining an up-to-date database and given resources prioritizes this amongst other compelling clinical and research needs. 
Complications of Eosinophil-Associated Diseases
2
Explore with industry the use of anti-IL5, anti-IL-5 receptor and other future eosinophilselective monoclonal antibody therapies for the treatment of eosinophil-associated diseases
3
Encourage research and development of novel biologic and non-biologic therapeutics, as well as safer ways to deliver existing therapeutics including glucocorticosteroids Table 3 Organ/Disease Specific Unmet Needs for Eosinophil-Associated Diseases Disease Entity Unmet Need to be Addressed
